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p-jg&-. dietang 2nd the  LSZ of' c. srel;-$esfgned, coi:st%iit-Veer z e - c o l l z c c x i  
dev?.ce. 
control  by erl e f f i c i eq t  -Jeatilat-i.on d i s t r ibu t ion  system The system i s  
such :;kat oxyge-r, i s  l e d  i i i to  the s u i t  via a torso-lccated connector an% 
dis t r fbuted  to the ex t ren i t ies ,  A percectage of t h i s  gas i s  bled d i r e c t l y  
Po t he  torso area, 
i o m e c t c r  back i n t o  t he  envircnmental control  system. 
permitted MercLry t o  operate with cabin temperatures approaching 100' 5°F. 
in view of the  short-term capabi l i t i es  a f  Mercury, major emphasis w a s  placed 
22 uqress lz ize? .  c m f x t  =-is comfortable enidro-nment, w a s  accomplished 
ky trade-offs i n  vent i la t ion  d is t r ibu t ion  i n  whicn the number sf l i n e s  
snd scbsequent routing of t h e  l i nes  were minimized. The s u i t s  were aleo 
individual iy  t a i lo red  t o  eliminate bulk and possible pressure points  
caused by folds  from excess mE;texal. 

The one prirnaq r o l e  t h e  sait  does play 2s providing temperature 

kil the  flow i s  t3en exi ted through EL headpiece 
'This system ha? 

-? 

The p o i ~ t  I n  e f fec t  i s  t h a t  the Mercwy suit has provided and will, 
Ir the ccmpletion of pro jec t  Mercury,continue t o  provide t h e  astronazts  
with emergency protection and m a x i m u m  func t ionabi l i ty  as a component i n  
t h e  Ne'P=cury machine complex. 

. 

&caking toward Project L e r x M , ,  which w i l l  l ime mtssion poten t ia l s  
of' ~ . p  $0 1h days; some of t h e  short-term ies ign  advantages gained i n  the  
X~rc-~ . r :~  s u i t  a r e  lost. I n  P-raject Gemini, same of t h e  problems prese3t ly  
conr"i*c;nting s u i t  GesLgn are: provisi.on f.2- thermal protect ion as required 
i n  t b e  eve.nt of  a pad abort  a;;d s u i t  e,jectior_ seat :interfaces needed t o  
pi-~-f-j.i.de LZ satisfactory eaca-pv capabih:t:v, 
additional design problems; .i; dij ' : ' '~y~.J_t  , ~ ~ : e  nay consideri  
them, as ex ter ior  t o  t.ke suit, a d  w e  a r e  s t i l l  faced with the  mm-suit 
l i ab i tab i l i ty  Troblem, cn ly  t o  a mucn greater  degree thaz 2.2 Project  Mercury, 
Considering t h e  confinement of the kwo-man Gemlni spacecreft  and the  
long-term mission capabil.S.ties. DTASA i s  developing a partial-wear space 
suit ( f ig .  2 ) .  
and a m  and l e g  sectlor1s of t , k  w!.t c&n be removed within t h e  confines 
of the  spacecraft .  'i"r,ese components m y  be eas i ly  re-placed ir, 8. nin:Lmai 
perTiod of t i m e  and v111 pro-vic?e 3rotect icn i n  an emergency. 
.is mdoubtedly a recognized comfort ad.vantage. The VeritLlation system 5,s 
designed i n  such a manner t h a t  the gas x t e r s  at  th.e vaist i r ? ~  a ~ h m b e r ~  
i s  d i s t r i k t e d  direzt l j r  tc the  f ac i a l  area,  a i m s  a d  legs ,  and t'nen e x i t s  
a t  the weIst, as q p o s e d  t,o PrsJent Mercury i n  which the gas exi ted t3mugh 
the h e h e t ,  
h h a l i n g  t cx ic  gases o r  body odors. 
vhen the headpiece i s  removed, pare oxygen i s  cmtinuously dlrected toward 

-the asti-onsut witk the  torso sect2oc of the  suit, the  ma"ster of W&.S?E 

disposa l  s t i l l  renains 3 d i f f i c u l t  one. 
prfmari3.y by the pressure-sealing entrance zipper. 
x m s  from j u s t  below t h e  abdomen throlagh. the  crotch and up the  .back cf CUhc 

E c s e  c!x: but B few of the  
j -3 

: -,rz:r, 

In te res t ing  f ea t i r e s  i n  t h i s  concept a r e  that t he  heeQiece 

This c a p a j i l i t y  

This routing e1imina.te.s t h e  posei5il . i ty of the  astrow;.% 
' %i?e vent i la t ion  system i s  such t h s t  

~ y . ~ : , - ~ ~ s E l  8rec.  sic..e +,?:e ~ g y + ~ g ~ , . + ~ ~ g y  C'C7l??t mp+:.+~lJ.~-,J.-'~y ..17-l_li?l;p-s - - 
hnn ing  cf t h e  s u i t  i s  accmplished 

m e  entrance zippor 
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E-&$ to the  hehe% combinaticn bearing disconnect. mU6, t h i s  s ? l y p r  
also ser-ures as the access portal for purposes 3f' urinat ion and defecation, 
&sly i n  the program, i t  was determined 5Ixi.t a hody-waste collectlor, 
system, as ar? Integral qmt of the e ~ e c t i o n  S E ~ ?  could s e r i o u s 3  conryxm3 tha 

which prototypes of what might be tei-ned a "sdefecat-lon mitten" are presently 
being evaluated fo r  llsage in the  confines of the Project Gemini spa-.ecmft, 
The one-handed co l lec t ion  d e e m  is  simply managed, bas a self-contained 
germicide mid can be easily seeled ma stowed a f t e r  =%e. 
dmning zlpper access p o r t a l  makes possible the  elimination of a constant- 
wecy wine-col lec t ion  device, as i n  Project Mercury, 
I n  o r b i t ,  the  c o l l e c t i m  dev3ce u t i l i z e d  dming the % b e  on the Launch 
complex 5s removed and subsequent elimination i s  miquely t ransfer red  
i n t o  the  entPironmentai control system. %ne t r ans fe r  method w i l l  R ~ G  

allow fop the  co l lec t ion  of samples for postflight anaLvsis - 

'3 prDg-*&x KZS -inir,iatPd in  est &s-@ d ~ j . & y  .6,k,e >r;gi*ayr 2 ~ -  ;ic~ of Chis, 

The dilal-gurposc 

h c e  the  crtzft bs 

Bit i la t ion progrms aze being i n i t h t c d  t o  determine waxer require-  
.%" - A - u a  .TI f *. and metabolic outputs of s (Gemini suited svibjsct i n  the  conpletc2y 
~fomed versu6 t he  partially donned condition. 
con5xled  under mrisns stmill&ted ac t i - r i ty  l eve l s  m d  ent-imnmental "on- 
dit-iczo # Spaceeraft and sa ted-s i& j e c i  compatibil i ty tests (present ly  
I n  the  prelimicarjr s t a g e s )  & ~ e  being conducted 50 assess  the  extended w 
accep tab i l i t y  f o r  periods of 2, 7, and 14 days. Ehergency p res su r i za t i  €? fi 
:ins -&El be included t o  simulate abort s i tua t ions .  

Ehese progrms w i l l  b~ 

F 

Pefore dealrr i  with the  Proje2-b ApoPls space suit it sn~uili be cfem 
that- elthoq@ o m  suit programs are  proJect  oriented, much of the data 
gained from u t i l i z a t i o n  of both the Mercury and Gemini suits and the 
developments acquired, will be a strong foundation f o r  the Apoblo s-a i t  
p-rogrm, 



, 
Tne Project, Apollo suiz 5s no doCbt the  most complicated s u i t  a d  

s~p~srting equpxent  dr.relo.pmene p r s g r m  ever a-ttelnptcd. 
w i l l  require as mch  o r  nore engineering e f f o r t  than the  combiced 
press.~e-suit-developmeat e f f o r t s  3;. the Department of  Defense, industry,  
and NASA from X i l e y  POST days t o  :he present 1los-l inportand, i s  thzt 
t h e  sxib, must be truly a space suit and removed from the status of an 
eimrgency garment t o  that of the p r i m a q  "life" sustaining ensemble, 

an6-mobility are s t i l l  present,, ba t  pressure protect ion now attain,c 
equal e q h a s i s .  
t h a t  the presswe protect ion affor6ed 3y the  s u i t  meet a % r i p l e  nlrie 
r e l i a b i l i t y  f a c t ~ r .  
items 
i n  c losirss .  
bnzaxe  of as accidental  tear cr punctme I n  present, state-of-the-art  
suits grea t ly  reduces Ynis factcr,  The s u i t s  used i n  Project Mercury 
3.315 Yne enscing Prcject  * m i n i  are considered as secondary personal 
gro-tectior: tc: the a s t roxG5  ir? -the e ren t  of E loss of spzcecrsf t  
FZ'C?SS'3?? I 

safe@ nneaswe ~ B secon5al-g; pressure-pro5ection systern was iccorpomted 
I I ~  -,he 2mar silit. 
sui-i witkin E s u i t .  
Trade-off i n  s u i t  rnobill%y but  one t h a t  i s  wel l  tus t i f ied .  Iri gro'sid.in@ 
f o r  %abi l i t y  ir the  we85 of f lexfsn,  mxinm. eff ic iency i s  z t t a ined  
7 i j t i L  %e use o f  constant volume jo in ts  constructed of res t ra ined  'bellow 
;s S ~ O W T ?  i n  the sa i t  made 'by Internatiorial  k t e x  Corporation ( f ig .  3). 
%ne advantage of a constant voiume bellows i s  t h a t  bending of t h e  j o i n t  
b e s  mt require  any expendibne of energy t o  compress the  press ln iz icg  
cas - ned!!u;n, 

Ex lwar s~ t 

3n s e t t i n g  fo r th  the &sign ci-i-teria f o r  the  lmar  m i x ,  cornfort 

Astronaut safety,  now being a p ~ i m r y  factor, requiree 

This sne faii-me i3 8 thousand c m  be a t taked  i n  
hard-wire such as nit f i t t f rgs ,  anci connectors and approache6 

Tne poss ib i l i t y  si' ?.osing pressure in t eg r i ty ,  however, 

Xi: order t o  pro7;i.de the as czonaut the s h i l a r  s&varltage o r  

Ira general t e n s ,  ?Ais d g h t  be colzsidered as b 

Reedless t o  ssy, %his f e a t w e  w i l l  inst5tc-k 2 
.IP.p 

Ihh-m.f~-:ii:g ::le a s t x n i u i  in L1iexB.l baLance end sstfsfyir~ h i s  
metlaklic req;ireifAents ;resent a scveye challenge i n  the Apoido s u i t  
desigi .  " l i e  reslJl tant design of the sssenibly necessi ta tes  8 well 
iritegzated sci t  and l i f e - s q p o r t  s y s ~ e z .  
azalysie were: 
tasks t z  5 e  performed durjng a typica l  lanar exploration, 

Factors weighed f o r  the design 
an5 conditions of the lunar  surface,  length o f  exposwe 



become apparent by 
. pr.sblcia. Rithcugh 

the  following discusslon of t he  ana iys i s  of %lie 
a nuriber of theimal sources are svaihib1.e to the 

lunar cre-men, only five S O L I X E S  were e'msrikrec? i n  ."he s u i t  iinai:ysis : 
r?.irect s~1 .a~-  lunar  emitted, l a -~zr  re f lec ted ,  c r a t e r  md t t ed ,  and c r a t e r  
ref lected.  "'lie c r a t e r  concept; was introduced t o  wiibJtct t k  Cr'emien 
t o  t k e  most  severe tkierml s i t uae -on .  Figwe 4 i l l u s t m t e s  t h i s  con- 
d i t i m  i n  .whfch the crewman i s  standing 3n tin i n f i n i t e  plzne aQacen t  
t o  an i . n f in i t e ly  long mil ,  'Pne crewman i s  200 fee% from the  WZU, sc  
e.s ts elih5nat.e the  effect- af the  w a l l  w3en t h e  cozffg-amtion factoy 
between %he i n f i n i t e l y  hoI'iZGritk31 plane and the rtac I s  calculated.  !!?%e 
val1 is 14,000-feet high and sloped 20",  
thom3l  coxiStioii, the  posi t ion of the sui was assumed t c ~  be displaced' 
25' *om the normal t o  t.he hcr izontal ,  
22c%we were a~ interns: su2t t-lmperature of  75°F and an  insulaticri  
canstructed of  aluminized mylar 8.10 in.  th ick  w i t ' ?  a tbemal ccn- 

been determined during experixents i n  which mult i iayer  aluninizec' 
c m t e d  mglar 2nsukt.ion was asect. The absorp t iv i ty  (a) ar_d emissivi ty  ( E )  
-i+~re seZected as G-IO and 0.05, respectively.  
were considered as ad iaba t ic  surfaces. An explanation of t h e  f i v e  t h e m 1  
inputs follows: 

92 keeping with the  most severe 

Other f a c t c m  t o  comFle-te the  

-4 
d;cti-fi ty i s )  eqilal tc > x Btu/hr-fS-aFe ~n-js Ovali2e of (K) hhs 

The crewman's shoe so les  

I, ~irect SOBE. - me yaan-tity of' tllerma: rmiiiation emitted b y  . 
2 

t h e  sun i s  440 Btu/hr-ft . Because the  receiving surface i s  not namxiL 
t o  %he sun's rays,  the h t e n s i t y  of the inc ident  rad ia t ion  is reduced 
'oy e configuration f a c b r ,  The in.cident. r ad ia t i cn  i s  fu r the r  decreased 
by s u i t  r e f l ec t ion .  The remainder ~f t he  energy i s  a'bsor'bed and ei-thes 
z-eradiated t o  the surroundings or conducted through the  garment t o  t.he 
Z9P.. 

j, Lunar RefiecteSa - 01' t ke  t o t a l  m o u n t  of direck solar energy 
inc ldent  cn t he  lunar surface,  a srrill percentage (7 percent terne2 
ZLbedc) i s  r e f l ec t ed  t o  the r a n  and par t ia lkv  absorbed. 
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a The program Just  described are considered %o have been designed iz 
'such. a way that Yne flight hardwar& devel.oped w i l l  be particularly 
mission oriented. 


